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WHAT IS CLAIMED 

l^v^A^^ 1 . A computer system for database management comprising, means for storing^ 

2 /^nd updating a first set of data, / 

3 indexing means for storing and updating a selected index of key values rel^d to 

4 the first set of data, the indexing means comprising means for selectively updating the 

5 index by incrementally updating the index by incrementally adding key vahies to the 

6 index or by fiilly rebuilding the index, ^ / 

7 heuristic determination means for selecting the incremental ifpdate of the index, or 

8 the full rebuild of the index, for a given second set of data to be^mided to the first set of 

9 data. / 

1 2. The computer system of claim 1 in whicMhe heuristic determination means 

2 comprises a function which takes as input index rn^a-data, comprising characteristics of 

3 the first set of data, the index, and the second s^/of data. 

1 3. The computer system of claim 2 in which the database management system is 

2 a relational database management sys^m in which the index is stored as a binary tree and 

3 in which the index meta-data compnses estimates of the table size of the first set of data, 

4 the table size of the second set or data, and the height of the index, whereby the function 

5 is empirically defined to select the incremental update of the index or the fiill rebuild of 

6 the index based on the predicted relative efficiencies of the incremental update of the 

7 index and the full rebiiiid of the index. 

1 4. The oomputer system of claim 3 in which the function determines, for each 

2 potential binary^ tree height of the index, a threshold percentage of the table size of the 

3 second set oj data to the table size of the first set of data, whereby the threshold 

4 percentage value for each binary tree height determines the selection of the incremental 

5 index update or the full rebuild index update. 
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1 5. The computer system of claim 1 in which the heuristic determination meajas 

2 comprises means for the user to specify the selection of the incremental update of tKe 

3 index or the full rebuild of the index. / 

1 6. The computer system of claim 2 further comprising a meai^or storing the 

2 index meta-data independent of the means for storing and updating th€ first set of data. 

1 7. The computer system of claim 2 in which the mearfe for storing the index 

2 meta-data comprises a recovery history file for the first set m data. 

1 8. The computer system of claim 1 in whic)i the selected index of key values is 

2 one of a plurality of indexes and in which the sele^Jted index is the fu-st index on the first 

3 set of data. / 

1 9. The computer system of claim 1 in which the selected index of key values is 

2 one of a plurality of indexes and in which the selected index is selected on the basis of the 

3 relative sizes of each of the plurality/of indexes on the first set of data. 

1 10. The computer system of claim 2 further comprising means for generating 

2 values for the function of the^euristic determination means, for a specified test range of 

3 values for each of the first /et of data, the index, and the second set of data. 

1 11. The corriputer system of claim 2, the computer system having one or more 



2 CPUs, one or morondisks, a sort heap and a database bufferpool, and in which the index 

3 meta-data is defined to reflect a subset of the following characteristics: the percentage of 

4 free space in me index, the estimated size of the index after both the incremental and the 

5 rebuild updates of the index, the width of the average key value in the index, the size of 

6 the sort heap and the database bufferpool in the computer system, the number and speed 

7 of the CPUs in the computer system, and the number and speed of the disks in the system. 
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1 12. A computer system for relational database management comprishr^, 

2 means for storing and updating a first set of data, / 

3 indexing means for storing as a binary tree, and updating, a selected index of key 

4 values related to the first set of data the indexing means comprising irfeans for selectively 

5 updating the index by incrementally updating the index by incremoitally adding key 

6 values to the index or by fiilly rebuilding the index, / 

7 heuristic determination means for selecting the incremental update of the index, or 

8 the full rebuild of the index, for a given second set of data to be added to the first set of 

9 data, the heuristic determination means comprising a fitmction which takes as input index 

10 meta-data, / 

1 1 the index meta-data being stored separate^ fi-om the first set of data and 

12 comprising estimates of the table size of the fipst set of data, the table size of the second 

1 3 set of data, and the height of the index, / 

14 whereby the function is empirically defined to select the incremental update of the 

1 5 index or the full rebuild of the index ba^d on the predicted relative efficiencies of the 

16 incremental update of the index and the full rebuild of the index, 

17 the heuristic determination means fiirthercomprising means for the user to specify 

18 the selection of the incremental update of the index or the full rebuild of the index. 

1 13. A computer program product for use with a computer comprising a central 

2 processing unit and randorn/access memory, said computer program product comprising a 

3 computer usable medium iiaving computer readable code means embodied in said 

4 medium for managing a/database, said computer program product comprising: 

5 computer readable program code means for causing a computer to store and 

6 update a first set of^ata, 

7 computer readable program code indexing means for causing a computer to store 

8 and update a selected index of key values related to the first set of data, the indexing 

9 means comprising means for selectively updating the index by incrementally updating the 
10 index by incrementally adding key values to the index or by fully rebuilding the index, 
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1 1 computer readable program code heuristic determination means for causing 

12 computer to select the incremental update of the index, or the fiiU rebuild of tlWindex, for 

13 a given second set of data to be added to the first set of data. / 

1 14. The computer program product of claim 13 in which the heuristic 

2 determination means comprises a function which takes as input index meta-data, 

3 comprising characteristics of the first set of data, the index, an^the second set of data. 

1 15. The computer program product of claim 144n which the database is a 

2 relational database in which the index is stored as a bhfery tree and in which the index 

3 meta-data comprises estimates of the table size of the first set of data, the table size of the 

4 second set of data, and the height of the index, wtiereby the function is empirically 

5 defined to select the incremental update of theindex or the fiill rebuild of the index based 

6 on the predicted relative efficiencies of the mcremental update of the index and the full 

7 rebuild of the index. / 

1 16. The computer program product of claim 1 5 in which the function 

2 determines, for each potential binary^ ^ee height of the index, a threshold percentage of 

3 the table size of the second set of /ata to the table size of the first set of data, whereby the 

4 threshold percentage value for each binary tree height determines the selection of the 

5 incremental index update or tne full rebuild index update. 

1 17. The computer program product of claim 1 3 in which the heuristic 

2 determination means comprises means for the user to specify the selection of the 

3 incremental update o/the index or the full rebuild of the index. 
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18. A method for updating a selected index in a computer system for database 
management,^e computer system comprising means for storing and updating a first set 
of data related to the index, the method comprising the steps of: 



% % 



.2 1 - Docket No. CA990022US 1 

Firm No. 0055,0022 

4 (a) heuristically selecting one of: the incremental update of the index, or the 

5 rebuild of the index, for a given second set of data to be added to the first of 

6 data, and 

7 (b) selectively updating the index by incrementally updating the inde^ by 

8 incrementally adding key values to the index or by fully rebuildiijg the index, as 

9 selected. 

1 19. The method of claim 1 8 in which the step of heuiyfically selecting the 

2 update of the index comprises the evaluation of a function wMch takes as input index 

3 meta-data, comprising characteristics of the first set of dat^the index, and the second set 

CI 4 of data. 

-•Si 

r : 1 

I ^; 1 20. A method for updating a selected b-tree index in a computer system for 

y1 2 relational database management, the computer s^tem comprising means for storing and 

ill / 

p I 3 updating a first set of data related to the indey the method comprising the steps of: 

4 (a) using a heuristic determination ftlnction to select one of: the incremental 

Si 5 update of the index, or the full rebuild of /he index, for a given second set of data to be 

111 ^ 

^ 6 added to the first set of data, the heuristfc determination function taking as input index 

Q 1 meta-data comprising estimates of the table size of the first set of data, the table size of 

U 7 

8 the second set of data, and the height of the index, whereby the heuristic function is 

9 empirically defined to select the incremental update of the index or the full rebuild of the 

10 index based on the predicted rmative efficiencies of the incremental update of the index 

1 1 and the fiill rebuild of the index, and 

12 (b) selectively updating the index by incrementally updating the index by 

13 incrementally adding key values to the index or by fully rebuilding the index, as selected. 

1 21. The method of claim 20 in which the function comprises the step of 

2 determining, for/each potential binary tree height of the index, a threshold percentage of 

3 the table size M the second set of data to the table size of the first set of data, whereby the 
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4 threshold percentage value for each binary tree height determines the selection of the/^ 

5 incremental index update or the full rebuild index update. / 

1 22. The method of claim 18 further comprising the step of a user^pecifying the 

2 selection of the incremental update of the index, the full rebuild of the i/dex, or the 

3 selection based on the heuristic determination function. / 

1 23. The method of claim 19 further comprising the step of storing the index 

2 meta-data independent of the means for storing and updating the first set of data. 

1 24. A computer program product tangibly embodying a program of instructions 



ijl 2 executable by a computer to perform the method steps of claim 18. 

\ y / 
^ / 

iJl 1 25. A computer program product tangibly embodying a program of instructions 

ijl / 

k I 2 executable by a computer to perform the iniethod steps of claim 20. 

/ 

•=^.J 1 26. A computer program product tangibly embodying a program of instructions 

in I / 
l\\ / 

\-l 2 executable by a computer to perfomyxhe method steps of claim 2 1 . 

/ 

1 27. A method for updating an index on a database table when data is added to 

2 the table, comprising: / 

3 receiving data records to load into the table; 

4 selecting one of aiirst operation and second operation, wherein the first operation 

5 incrementally updates me index on the table as each received data record is added to the 

6 table and the second £)peration rebuilds the index from the table after all the received data 

7 records have been /dded to the table; and 

8 using the/selected first operation or second operation to update the index with the 

9 received data./ 
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1 28. The method of claim 27, further comprising: 

2 determining which of the first operation or second operation is more efficient, 

3 wherein the first or second operation determined to be more efficient is the selected 

4 operation used for updating the index with the received data. 

1 29. The method of claim 28, wher^n determining which operation is more 

2 efficient is a function of a percentage of the Deceived data records to add to the table and 

3 characteristics of the index. / 

1 30. The method of claim 29, wherein the characteristics of the index used in 

2 determining which operation is more efficient comprise a size and complexity of the 

3 index. / 

1 31. The method of claim^O, wherein the index comprises a binary tree 

2 structure, and wherein a height of tne index tree is indicative of the size and complexity 

3 of the index. / 

1 32. The method of claim 28, wherein determining which operation is more 

2 efficient further comprises considering at least one of a following factors: an estimated 

3 time required to extract index keys from the table; an estimated time to sort the index 

4 keys; and an estimated time/to rebuild the index fi*om the sorted keys. 

1 33. The method of claim 28, fiirther comprising: 

2 maintaining a list of threshold values for different index sizes; and 

3 using the nurnber of received data records to add to the table to determine a 

4 comparison value, wherein determining whether the first or second operation is more 

5 efficient is based dn the comparison value and the threshold for the size of the index to be 

6 updated. / 
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1 34. The method of claim 33, wherein the comparison value comprises/me 

2 number of the received data records as a percentage of all data records in the tm>le. 

1 35. The method of claim 34, wherein the index comprises a/oinary tree and 

2 wherein the list of threshold values provides one threshold for each/of a plurality of 

3 different height index binary trees, wherein the threshold select^ for comparison with the 

4 comparison value is based on the height of the index to update. 

1 36. The method of claim 33, wherein the first operation is more efficient if the 

2 comparison value is less than the threshold value md wherein the second operation is 

3 more efficient if the comparison value is greater than the threshold value. 

1 37. A system for updating an index on a database table when data is added to 

2 the table, comprising: / 

3 a database system including4he table and the index on the table; 

4 means for receiving data/ecords to load into the table; 

5 means for selecting one of a first operation and second operation, wherein the first 

6 operation incrementally updates the index on the table as each received data record is 

7 added to the table and th/ second operation rebuilds the index from the table after all the 

8 received data records t4ve been added to the table; and 

9 means for u^ng the selected first operation or second operation to update the 
1 0 index with the received data. 

1 38./ The system of claim 37, fiirther comprising: 

2 means for determining which of the first operation or second operation is more 

3 effici^t, wherein the first or second operation determined to be more efficient is selected 

4 to ifse for updating the index with the received data. 
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1 39. The system of claim 38, wherein the means for determining whidT 

2 operation is more efficient is a function of a percentage of the received data r^ords to 

3 add to the table and characteristics of the index. / 

1 40. The system of claim 39, wherein the characteristics of the index used in 

2 determining which operation is more efficient comprise a size ana complexity of the 

3 index. / 

1 41. The system of claim 40, wherein the index comprises a binary tree 

2 structure, and wherein a height of the index tree is iiraicative of the size and complexity 

3 of the index. / 

1 42. The system of claim 38, whorein the means for determining which 

2 operation is more efficient further comprises considering at least one of a following 

3 factors: an estimated time required to ^tract index keys from the table; an estimated time 

4 to sort the index keys; and an estimaffed time to rebuild the index from the sorted keys. 

1 43. The system of claim 38, further comprising: 

2 means for maintaining a list of threshold values for different index sizes; and 

3 means for using th^umber of received data records to add to the table to 

4 determine a comparisoiwalue, wherein determining whether the first or second operation 

5 is more efficient is ba/ed on the comparison value and the threshold for the size of the 

6 index to be updated/ 

1 44. /The system of claim 43, wherein the comparison value comprises the 

2 number of me received data records as a percentage of all data records in the table. 

1 As. The system of claim 44, wherein the index comprises a binary tree and 

2 wherein the list of threshold values provides one threshold for each of a plurality of 
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3 different height index binary trees, wherein the threshold selected for comparison with Jj}^ 

4 comparison value is based on the height of the index to update. / 

1 46. The system of claim 43, wherein the first operation is more efficient if the 

2 comparison value is less than the threshold value and wherein the secomi^peration is 

3 more efficient if the comparison value is greater than the threshold v^e. 

1 47. A program for updating an index on a databasc/fable when data is added to 

2 the table, wherein the program is embedded in a computerpeadable medium and capable 

3 of causing a computer to perform: / 

4 receiving data records to load into the table; / 

5 selecting one of a first operation and second operation, wherein the first operation 

6 incrementally updates the index on the table as/each received data record is added to the 

7 table and the second operation rebuilds the kidex from the table after all the received data 

8 records have been added to the table; and^ 

9 using the first operation or sec operation determined to update the index with 
10 the received data. / 

1 48. The program of^laim 47, wherein the program is ftirther capable of 

2 causing the processor to perform: 

3 determining whion of the first operation or second operation is more efficient, 

4 wherein the first or sei^nd operation determined to be more efficient is selected to use for 

5 updating the indexywith the received data. 

1 49. /The program of claim 48, wherein determining which operation is more 

2 efficient is y^fiinction of a percentage of the received data records to add to the table and 

3 characteristics of the index. 
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1 50. The program of claim 49, wherein the characteristics of the index used 

2 determining which operation is more efficient comprise a size and complexity of rtre 

3 index. / 

1 51. The program of claim 50, wherein the index comprises a bmary tree 

2 structure, and wherein a height of the index tree is indicative of the si^ and complexity 

3 of the index. / 

1 52. The program of claim 49, wherein determining which operation is more 

2 efficient further comprises considering at least one of a following factors: an estimated 

3 time required to extract index keys from the table; an e^imated time to sort the index 

4 keys; and an estimated time to rebuild the index from the sorted keys. 

1 53. The program of claim 49, whemn the program is fiirther capable of 

2 causing the processor to perform: / 

3 maintaining a list of threshold vaWes for different index sizes; and 

4 using the number of received <Ma records to add to the table to determine a 

5 comparison value, wherein determining whether the first or second operation is more 

6 efficient is based on the comparison value and the threshold for the size of the index to be 

7 updated. / 

1 54. The prognmi of claim 53, wherein the comparison value comprises the 

2 number of the receivecr data records as a percentage of all data records in the table. 

1 55. Tlafe program of claim 54, wherein the index comprises a binary tree and 

2 wherein the list of threshold values provides one threshold for each of a plurality of 

3 different height index binary trees, wherein the threshold selected for comparison with the 

4 comparismi value is based on the height of the index to update. 
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1 56. The program of claim 53, wherein the first operationjs^ore efficient if 

2 the comparison value is less than the threshold value and^^hefein the second operation is 

3 more efficient if the comparison value is greater tbaifthe threshold value. 



